review is dedicated to Russ Grimes, a true pioneer in carborane (carborane) cluster chemistry, on the occasion of his 80th birthday.
Introduction
Russ Grimes has been active in the field of carborane chemistry since the 1960s and during this period, icosahedral C2B10 and CB11-clusters have progressed from something of a geometrical oddity to being components in a huge number of materials with wide-ranging applications [1] . In this article, the interface between icosahedral carboranes and coordination polymers including metalorganic frameworks, MOFs [2] , is reviewed. The roles of carborane clusters in 1D-coordination polymers [3] and 2D-and 3D-networks varies from their 2 capture as guest molecules, to their incorporation as weakly coordinating anions, and to their functionalizion so they can act as linkers in the backbones of coordination polymers and nets.
All searches of the Cambridge Structural Database (CSD) made for this review used the CSD version 5.36 with updates to November 2014 [4] and Conquest v. 1.17 [5] and figures have been drawn using original data.
Coordination polymers as hosts for carboranes
The bowl-shaped molecule cyclotriveratrylene (CTV) is dimensionally compatible with an icosahedral carborane cage. The transition from simple hostguest assembly with discrete domains [6] to coordination polymer [7] is made by 
; the structures are also similar to those of related systems containing K + and Na + ions. The authors [7] conclude that the carborane plays the same role whether it is neutral or anionic, and therefore steric factors are dominant. Functionalization of CTV with peripheral metal-binding domains (e.g. pyridyl groups, 1, Scheme 1) provides a 3-connecting linker. When combined with Cd(OAc)2, a 4.8 2 net assembles ( Figure   1b ) which hosts 1,2-C2B10H12 molecules within the bowl-shaped cavities of 1 (Figure 1c ). In the absence of the carborane, the 2D-network is no longer formed.
The authors [8] propose a discrete assembly for the cluster-free product, but crystallographic data are not available to confirm the structure. (Figure 3 ). Figure 4b ) and with short B-H ... Ag interactions [16] .
Related cationic chains interspersed with [Co(C2B9H11)2] -counterions are (Figures 8c and 9 ). Hardie and coworkers [20] have extended these investigations to the halogenated clusters 
Halo-substituted carboranes as bridging domains

Carboxylato-functionalized carboranes
The agglomerates and a combination of scanning electron microscopy, energydispersive X-ray spectroscopy, thermogravimetic analysis, FT-IR and powder diffraction was used to confirm that both forms of {Co(1,12-(O2C)2-1,12-C2B10H10)(py)2(H2O)}n were structurally similar; they are related in terms of atom connectivity to {Co4(OH)2(1,12-(O2C)2-1,12-C2B10H10)3(DMF)2}n ( Figure   15 ). After thermal treatment to remove solvent, different porosities, crystallinity and surface areas of the three MOFs result in very different adsorption behaviour towards N2, CO2 and H2 [28] . High selectivities for CO2 over CH4, and for CO2 over N2 have also been demonstrated [29] . The structural variation observed in 2D-networks which combine paddle-wheel {Cu2(µ-O2C)4} nodes with 1,12-(O2C)2-1,12-C2B10H10 or 1,7-(O2C)2-1,12-C2B10H10 linkers has been reported by Jin and coworkers [30] ; solvent plays a key role in directing the assemblies. These and related lanthanoid-based networks [31] show selective CO2 (over N2 and CH4) capture. The use of arene spacers between metal-binding domains (e.g. CO2 -functionalities) is a well-established strategy for increasing pore-sizes in MOFs [32] . The same approach has been adopted in MOFs containing the carborane linkers shown in Scheme 3a [33] . Treatment of these two carboxylic acids with Powder diffraction patterns confirm that the frameworks in Figure 16 are retained after thermal activation. A switch in design principle from the ligands in Scheme 3a to that in Scheme 3b provides a 4-connecting linker which reacts with copper(II) nitrate to give a MOF containing 4-connecting {Cu2(µ-O2C)4} nodes with coordinated H2O in the axial sites of the paddle-wheel units [34] . The assembly ( Figure 17 ) is highly porous with a pore volume of 1.02 cm 3 g -1 and a
17
BET surface area of ≈2600 m 2 g -1 . Both the H2 and CH4 storage capacity of this MOF are extremely high; the absolute CH4 storage capacity is 13.7 mmol g -1 at 65 bar which is 3.3 times lower than the 212 bar pressure needed for comparable CH4 storage in a compressed natural gas tank. These results reveal the highly promising nature of carborane-based MOFs and the design strategies have been extended to longer {Co(C2B9H11)2}-centred rigid-rods [35] . However, combinations with paddle-wheel {Cu2(µ-O2C)4} nodes do not necessarily give rise to the expected isoreticular MOFs. 
Final comments
This review has demonstrated a variety of ways in which carborane clusters have been used in the assembly of 1D-coordination polymers, and 2D-and 3D-networks. In many of these, the carbabornae cluster is present either as a guest, counterion or peripheral group, and the extent to which the clusters template the assembly is undetermined. However, it is clear that the steric requirements of carborane cages may be applied to tune structures and properties, even if the cage is not intimately involved in the backbone of the assembly. A rich chemistry has been developed in which carborane cages are incorporated into the linkers in MOFs, with design strategies developed for rigid arene-based struts being modified to C2B10-cages which are dimensionally comparable to C6-rings.
Functionalization of carborane clusters with metal-binding carboxylato or 2,2':6',2''-terpyridinyl domains has been used to introduce C2B10-cages into the backbones of coordination polymers. This area is ripe for development, as is the application of bis(phosphino)-functionalized carboranes. 
